Neuronal maturation in mammalian cell culture is dependent on spontaneous electrical activity.
Fetal mouse spinal cord (SC) and dorsal root ganglion (DRG) neurons undergo a process of maturation in cell culture lasting a month or more. We have investigated the role of electrical activity in this maturational process with the use of tetrodotoxin (TTX), the specific blocker of the voltage-sensitive sodium channel responsible for action potential generation. This agent completely eliminates the spikes and related synaptic activity which occur abundantly in untreated cultures. Such blockade of electrical activity in the cultures, when begun early (day 1 or day 8 in vitro), results in a 85-95% reduction in the number of large SC neurons, without affecting DRG neuron numbers. TTX treatment initiated when cultures are mature (day 70) has no significant effect on either DRG or SC neurons. Intermediate effects are obtained when treatment is initiated at day 35 in vitro. The activity of the nerve-specific enzyme choline acetyltransferase, is significantly decreased by early TTX treatment, while DNA and protein content of the cultures (primarily contributed by glial and fibroblastic cells) is not affected.